Journal of Gerontology: MEDICAL SCIENCES
Cite journal as: J Gerontol A Biol Sci Med Sci
2009. Vol. 64A, No. 5, 590-598
doi:10.1093/gerona/glp004

Published by Oxford University Press on behalf of The Gerontological Society of America 2009.
Advance Access publication on March 6, 2009

Longitudinal Paths to the Metabolic Syndrome: Can the
Incidence of the Metabolic Syndrome Be Predicted?
The Baltimore Longitudinal Study of Aging

Angelo Scuteri,! Christopher H. Morrell,>3 Samer S. Najjar,? Denis Muller,* Reubin Andres,’

Luigi Ferrucci,* and Edward G. Lakatta?

1U.0. Geriatria, Istituto Nazionale Ricovero e Cura per Anziani, Rome, Italy.
2Laboratory of Cardiovascular Science, National Institute on Aging—NIH, Baltimore, Maryland.
3Mathematical Science Department, Loyola College in Maryland, Baltimore.

4Clinical Research Branch and >Laboratory of Clinical Investigation, National Institute on Aging-NIH, Baltimore, Maryland.

Objective. To determine the predictors of incidence of metabolic syndrome (MetS) (Adult Treatment Panel III criteria)
and to determine if longitudinal changes in specific MetS components differ by age or gender in participants who devel-
oped versus those who did not develop MetS.

Methods. A total of 506 men and 461 women (baseline age 52.4 + 17.5 years) from the Baltimore Longitudinal Study
on Aging (BLSA) were followed longitudinally (at least two study visits), and censored when they developed the MetS
or reported use of antihypertensive or lipid-lowering medications.

Results. After a follow-up period of 6 years, the incidence of the MetS was 25.5% in men and 14.8% in women. As
many as 66% of men and 73% of women with one or two altered MetS components at baseline did not develop the MetS.
Predictors of developing MetS were higher baseline abdominal obesity or triglycerides and lower high-density lipopro-
tein cholesterol (area under receiver-operated curve [AUC] = 0.84 in men, 0.88 in women). Addition of the rate of
changes in MetS components over time slightly improved predictive accuracy (AUC = 0.94 in men, 0.92 in women). Men
were more likely than women to have the MetS without obesity, whereas women were more likely than men to have the
MetS without an altered glucose metabolism.

Conclusions. The patterns of MetS components and the longitudinal changes that lead to the MetS are different in men
and women. Interestingly, components with the highest prevalence prior to MetS development, such as elevated blood

pressure, are not necessarily the stronger risk factors.
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HE term “‘metabolic syndrome” (MetS) refers to the clus-

tering of visceral adiposity, hyperglycemia, high blood
pressure (BP), and dyslipidemia (1,2) associated with increased
risk of cardiovascular (CV) disease. Paralleling the alarming
increase in obesity (3), the prevalence of the MetS has reached
epidemic proportions (4), and it is feared that it will translate
into an excess of diabetes, CV morbidity, and mortality (3,5,6).
Few studies, however, have prospectively examined the pro-
cess that leads to MetS development in a given cohort. In par-
ticular, whether changes in specific MetS components over
time are factors for the syndrome development and whether
these factors or changes in factors have a similar effect in men
and women is unknown.

In this study we (a) describe the incidence of MetS and
the longitudinal changes of MetS components in men and
women prior to the development of MetS, (b) evaluate the
hypothesis that MetS components differ by gender or age,
and (c) determine whether baseline levels or change over
time in specific MetS components are significant predictors
of incidence of MetS.
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METHODS

Study Population

The Baltimore Longitudinal Study of Aging (BLSA) is a
prospective study of community-dwelling, healthy volun-
teers conducted by the National Institute on Aging since
1958. Participants returned to the National Institute on Ag-
ing Clinical Unit in Baltimore, Maryland, at regular inter-
vals for 2-3 days of medical, physiological, and
psychological examinations (7).

Variables Measured

Blood pressure.—BP determinations were performed in
the morning, after a light breakfast, with participants in the
seated position, and following a 5-minute resting, according
to a standard protocol (8). BP was measured three times in
both arms with a mercury sphygmomanometer, and the av-
erage of the second and third measurements on both the
right and the left arms is used in the analysis.
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Table 1. Demographics and MetS Components of Participants at Study Entry by Their Status at Last Visit

MetO (1) Metl2 (2) MetMS (3) p Value Post-hoc
Men n=239 n=338 n=129
Age (years) 46.4+£19.2 54.2+18.5 53.9+14.6 .0331 1<2
Follow-up time (years) 62+34 72+35 49+28 <.0001 3<2
Number of study visits 34+1.6 39+1.6 30£1.1 <.0001 3<2
BMI (kg/m?) 23.1+22 244+2.6 269+2.8 <.0001 1<2<3
Waist circumference (cm) 82.8+6.7 87.1 £8.1 94.6 £ 8.0 <.0001 1<2<3
Fasting glucose (mg/dL) 94.3+6.5 97.3+18.3 102.8 +£23.2 .0074 1,2<3
HDL-cholesterol (mg/dL) 52.9+8.5 452+10.9 38.0£89 <.0001 3<2<1
Triglycerides (mg/dL) 69.7+£29.5 93.4+489 138.2+91.9 <.0001 1,2<3
Systolic BP (mmHg) 113.3+£10.6 122.0+16.9 1243+ 144 .0009 1<2,3
Diastolic BP (mmHg) 72.7+8.8 77.5+9.2 79.3+8.3 .0003 1<2,3
LDL-cholesterol (mg/dL) 110.9 £26.8 119.8 £31.5 121.0 £33.0 2109
Women n=63 n=330 n=068

Age (years) 48.7+£16.7 509+ 17.6 55.5+14.2 0552
Follow-up time (years) 5.1+£3.1 6.5£3.5 54+3.0 .0023 2<1,3
Number of study visits 3.0+1.2 37+1.6 32+1.2 .0004 1,3<2
BMI (kg/m?) 219+24 234+34 26.8+3.8 <.0001 1<2<3
Waist circumference (cm) 69.4+5.6 74.0 £8.1 82.3+7.1 <.0001 1<2<3
Fasting glucose (mg/dL) 912475 93.0+16.1 942 +6.6 4640
HDL-cholesterol (mg/dL) 63.4+93 54.4+13.3 46.1£9.8 <.0001 3<2<1
Triglycerides (mg/dL) 60.4 £25.4 76.7 +£38.0 113.2+51.3 <.0001 1<2<3
Systolic BP (mmHg) 110.2 £ 10.6 1182+ 169 121.9+18.8 .0002 1<2,3
Diastolic BP (mmHg) 71.3+6.8 74.5+10.2 75.6+9.4 0226 1<2,3
LDL-cholesterol (mg/dL) 105.0 +36.7 111.6 £35.1 125.6 +33.1 .0020 1,2<3

Note: BP = blood pressure; BMI = body mass index; HDL = high-density lipoprotein; LDL = low-density lipoprotein; MetS = metabolic syndrome.

Anthropometry.—Height and weight were objectively
measured, and body mass index was calculated as body
weight (kg)/height (m)2. Waist circumference was measured
at each visit with an inelastic tape at the narrowest part of
the torso at the end of expiration.

Fasting plasma lipids and glucose.—Blood samples were
drawn from the antecubital vein between 7 and 8 AM after
an overnight fast. Plasma triglycerides and total cholesterol
levels were determined by an enzymatic method (ABA-200
ATC Biochromatic Analyzer; Abott Laboratories, Irving,
TX). High-density lipoprotein (HDL) cholesterol was mea-
sured by a dextran sulfate—magnesium precipitation proce-
dure. Low-density lipoprotein (LDL) cholesterol was
estimated by the Friedewald formula for those participants
with triglycerides not greater than 400 mg/dL. Fasting plas-
ma glucose was measured by the glucose oxidase method
(Beckman Instruments Inc., Fullerton, CA).

Definition of MetS

The Third Report of the National Cholesterol Educa-
tion Program (NCEP) Expert Panel on Detection, Evalua-
tion, and Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel [ATP] III) (1) defined MetS in
men and women as an alteration in three or more of the
following five components: abdominal obesity (waist cir-
cumference >102 cm for men or >88 cm for women), BP
(systolic BP [SBP] >130 mmHg or diastolic BP [DBP]
>80 mmHg), fasting glucose (=110 mg/dL), triglycerides

(>150 mg/dL), and HDL-cholesterol (<40 mg/dL for men
or <50 mg/dL for women). Participants who developed
three or more alterations at some visit were classified as
having MetS and all following visits were censored. Par-
ticipants who maintained no alterations at all visits were
classified in the MetO group. The remaining participants,
who had at least one visit with one or two alterations,
were classified into the Metl2 group. The rate of change
of each component of MetS was calculated as the differ-
ence between the values at last and first visits, divided by
the follow-up time.

Of the 911 male and 794 female participants with com-
plete data on all MetS components, 153 (101 men and 52
women) were excluded because they had prevalent MetS at
baseline; 314 (131 men and 183 women) participants were
excluded because they had a single visit with no follow-up.
Thus, 506 men (853 visits) and 461 women (1,638 visits)
were followed longitudinally, and censored when they de-
veloped MetS or reported use of antihypertensive or lipid-
lowering medications.

Hypertension was a common condition and elevated BP
was the most commonly altered component. By censoring
hypertensives at the time of reported use of antihypertensive
medications, we did not alter the “natural history” of BP
changes over time in a design using repeated measurements,
nor did we bias the estimate of the predictive role of BP for
MetS development. Similarly, statins are known to reduce
LDL-cholesterol—not a component of the MetS. However,
as remarked by recent literature, statins also have an effect
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Women: Fitted Longitudinal Followup: SBP
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Figures 1. SBP. Mixed-effects predicted lines representing the average changes over time in metabolic syndrome (MetS) components in men and women, for
three starting ages (45, 55, and 65 years) for the Met0, Met12, and MetMS groups (top panels). The predicted average percentage changes for these components, for
the same three starting ages, and for a follow-up time of 10 years are shown in the bottom panels. Average predicted changes are expressed as percentages to account

for baseline differences in the MetS components among the three study groups.

on HDL-cholesterol levels—although to a lesser extent than
on LDL-cholesterol (8). With respect to diabetes mellitus
(DM), two analyses were performed: one censoring indi-
viduals at the time of diagnosis of DM or use of DM medi-
cations and the other not censoring for DM or DM
medications.

Statistical analysis

All analyses were performed using the SAS package (8.1
version; SAS Institute, Cary, NC). Data are presented as
mean + SD unless otherwise specified. Mean values among
the three groups were compared by analysis of variance,
followed by Bonferroni’s test for multiple comparisons.

Linear mixed-effects (9,10) regression models were used
to analyze the change over time in each component of MetS
across the three classification groups. Linear mixed models
are particularly appropriate for handling complex longitudi-
nal data with unequally spaced follow-ups and multiple
missing data (11) and have been used extensively to analyze
BLSA data. Estimates are obtained of both the cross-
sectional differences between various ages and the longitu-
dinal changes over time.

Multiple logistic regression analyses with backward
elimination were used to estimate the odds ratio for devel-
oping MetS. The models included age, baseline levels, and
observed rates of change (calculated as the difference be-

tween first and last visits divided by follow-up time) in the
levels of each component of MetS as independent variables.
Receiver-operating characteristic (ROC) curves were calcu-
lated for each model. The area under the ROC curve (AUC)
is a measure of how well a model is able to predict the out-
come of interest, with an AUC value equal to 0.50 indicat-
ing no accuracy and an AUC value equal to 1.00 indicating
maximal accuracy.

RESULTS

Incidence of MetS

The study population consisted of 967 participants (506
men and 461 women, aged 52.4 + 17.5 years, range 17.6—
91.2 years) without MetS at baseline. At study entry, 194
(38.3%) men and 195 (42.3%) women had no alteration in
any of the components of MetS; 312 (61.7%) men and 266
(57.7%) women had one or two altered MetS components
(see Table 1). Each participant had at least two study visits.
Only 31.0% of the participants had two observations, and
the average number of study visits was similar in men and
women.

After an average follow-up time of 6.5 + 3.5 years (max-
imum 14.0 years), the prevalence of elevated BP rose from
27% to 55.7%, low HDL-cholesterol from 35% to 46%, ab-
dominal obesity from 6.1% to 18.4%, elevated triglycerides
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Figures 2. DBP. Mixed-effects predicted lines representing the average changes over time in metabolic syndrome (MetS) components in men (A) and women
(C), for three starting ages (45, 55, and 65 years) for the Met0, Met12, and MetMS groups (top panels). The predicted average percentage changes for these compo-
nents, for the same three starting ages, and for a follow-up time of 10 years are shown in the bottom panels ([B] for men and for women, respectively). Average
predicted changes are expressed as percentages to account for baseline differences in the MetS components among the three study groups.

from 13% to 19.1%, and elevated fasting glucose levels
from 6.6% to 16.6% in male participants. In parallel, the
prevalence of elevated BP rose from 21% to 41.9%, low
HDL-cholesterol from 20.2% to 40.1%, abdominal obesity
from 7.7% to 23.0%, elevated triglycerides from 6.2% to
12.1%, and elevated fasting glucose levels from 1.3% to
5.0% in female participants.

During the follow-up considered in this study, 39 men
(7.7%) and 63 women (13.7%) remained free of any al-
teration in any of the components of MetS (Met0), 338
men (66.8%) and 330 women (71.6%) presented altera-
tions in one or two components of MetS (Metl2), and
129 men (25.5%) and 68 women (14.8%) developed al-
terations in three or more components of MetS (MetMS)
(i.e., met the NCEP ATP III criteria for MetS). Of note,
207 (66.3%) of men and 211 (79.3%) of women who had
one or two altered components of MetS at study entry did
not develop MetS.

Longitudinal Changes in the Components of MetS
in Participants With or Without Incident MetS

The longitudinal changes in the components of MetS
were analyzed with linear mixed-effects models. The out-
puts of linear mixed-effects models are complex equations.
The results are summarized graphically in Figures 1-6 to
illustrate both predicted values for each component of MetS

(top panel) and the mean percentage change per decade for
different ages (bottom panel).

A high correlation between observed values of the MetS
components over time and those predicted by longitudinal
mixed models (correlation coefficient ranged from .72 for
fasting glucose in women to .97 for waist circumference in
men) suggests that the mixed-effects model adequately fits
the data.

Longitudinal changes in BP.—In both men and women,
Metl2 and MetMS, at any starting age, had similar starting
SBP and DBP values, which were higher than those observed
in MetO (Figures 1 and 2). However, MetMS participants also
showed a higher rate of increase in SBP over time than MetO
participants and higher rate of increase in DBP than Met12 or
MetO participants at any age. For DBP, the increase over time
was more robust in MetMS women, whereas SBP was sub-
stantially stable over time in MetO men.

Longitudinal changes in HDL-cholesterol.—In both men
and women (Figure 3), lower HDL-cholesterol at baseline
was observed from Met0O to Met12 to MetMS. MetMS par-
ticipants showed a steeper decrease in HDL-cholesterol
over time than Metl2 or MetQ participants at any age. In
fact, HDL declines from the starting levels only in MetS
participants. Of note, Met0O participants presented virtually
no change in HDL-cholesterol levels over time.
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Figures 3. HDL. Mixed-effects predicted lines representing the average changes over time in metabolic syndrome (MetS) components in men (A) and women
(C), for three starting ages (45, 55, and 65 years) for the Met0, Met12, and MetMS groups (top panels). The predicted average percentage changes for these compo-
nents, for the same three starting ages, and for a follow-up time of 10 years are shown in the bottom panels ([B] for men and for women, respectively). Average
predicted changes are expressed as percentages to account for baseline differences in the MetS components among the three study groups.

Longitudinal changes in triglycerides.—In both men and
women, higher triglycerides at baseline were observed from
MetO to Metl2 to MetMS. MetMS participants showed a
steeper increase in triglycerides over time than Metl2 or
MetO participants, whose levels remained stable over time
at any age, in both genders (Figure 4).

Longitudinal changes in waist circumference.—In both
men and women, larger waist circumference at baseline was
observed from Met0 to Metl2 to MetMS. MetMS men
showed a steeper rate of increase in waist circumference
over time than Met12 or Met0 men at any age; this was not
observed in women at any age (Figure 5B).

Longitudinal changes in fasting plasma glucose.—Met-
MS men showed higher glucose levels at baseline than MetO
or Metl2 men. However, in contrast to younger groups in
whom glucose levels increased over time, glucose levels for
participants older than 65 years decreased over time. This
likely reflects the higher incidence of DM in the oldest group,
who would be prescribed glucose-lowering medications
(Figure 6A).

In women, glucose levels were higher in MetMS compared
with MetO and Met12 groups, although these differences did
not reach statistical significance. MetMS showed a greater
increase in fasting glucose over time than Met12 and MetO,
such that the difference in end values between MetMS and

MetO or Met12 was greater than that at the initial observation
(Figure 6B). This trend was observed in all three age groups.

Distribution of Altered Components of the MetS at
Baseline and at Last Visit

Among participants who developed MetS, at the time
when the syndrome first appeared, men were more likely to
have glucose alteration than women (45.7% vs 19.1%, p <
.001), whereas women were more likely to have waist al-
teration than men (67.6% vs 49.6%, p < .05).

Predicting the Development of MetS

To predict the development of MetS, participants were
classified as developing MetS (MetMS group) or not devel-
oping MetS (Met0 and Met12 groups combined).

We expected that given some initial values, changes in
the MetS components would be different between partici-
pants in the MetMS group and those who did not develop
MetS. Thus, individuals who end up with the MetS are dis-
criminated by their baseline values and rate of change in the
MetS values.

To examine how baseline values of specific MetS compo-
nents and their rates of change predict the incidence of
MetS, we fitted three parsimonious logistic regression mod-
els: the first model only included baseline values of indi-
vidual MetS components, the second model only observed
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Figures 4. Triglycerides. Mixed-effects predicted lines representing the average changes over time in metabolic syndrome (MetS) components in men (A) and
women (C), for three starting ages (45, 55, and 65 years) for the Met0, Met12, and MetMS groups (top panels). The predicted average percentage changes for these
components, for the same three starting ages, and for a follow-up time of 10 years are shown in the bottom panels ([B] for men and for women, respectively). Average
predicted changes are expressed as percentages to account for baseline differences in the MetS components among the three study groups.

rates of change; and the third model included both baseline
values of MetS components and their observed rates of
change.

Baseline waist circumference (per 5 cm increase: rela-
tive risk [RR] 1.70, 95% confidence interval [CI] 1.47—-
1.97 in men; RR 1.85, 95% CI 1.52-2.24 in women),
triglyceride (per 10 mg/dL increase: RR 1.08, 95% CI
1.03-1.14 in men; RR 1.15,95% CI 1.08-1.23 in women),
and HDL-cholesterol (per 10 mg/dL increase: RR 0.54,
95% CI 0.40-0.71 in men; RR 0.49, 95% CI 0.36-0.66 in
women) were independent predictors of the development
of MetS. Interestingly, neither baseline SBP nor DBP
remained in the model as predictors of MetS. When the
initial values of MetS components and their observed rates
of change were included in the model, there was a mild
improvement in accuracy compared with the model with
baseline values only (AUC = 0.94 vs 0.84 for men and 0.92
vs 0.88 for women).

The “predictive” components in the logistic models were
not the most prevalent in participants developing MetS, nor
showed the higher percentage increase from baseline to the
time of development of MetS. For instance, elevated BP,
which was not an independent predictor, was the most
prevalent MetS baseline component (>80% in participants
developing MetS) and increased three- to fourfold in preva-
lence from baseline to the time of MetS. Analogously, al-
tered glucose levels showed the highestincrease in frequency

from baseline to follow-up (approximately 5-fold in men
and 12-fold in women). The baseline prevalence of low
HDL-cholesterol was similar to high BP and increased only
1.5-fold in both genders but was a significant predictor of
the development of MetS. Waist circumference, the stron-
gest predictor of new-onset MetS, showed a similar in-
crease over time as elevated BP but was altered in only half
of new-onset cases of MetS.

DiscussioN

In this report, we describe the natural history of MetS by
analyzing longitudinal changes in MetS components. The
incidence of MetS was 25.5% in men and 14.8% in women
after an average follow-up of 6 years. In comparison, the
Insulin Resistance Atherosclerosis Study reported an inci-
dence of 17.1% in men and 20.9% in women after a fol-
low-up period of 5 years (12). The enrolment of Hispanic
women, who tend to be at particularly high risk of the MetS,
and who comprised approximately 30% of the IRAS study
population, might explain the higher incidence rate in women
compared with our study (3,13). The San Antonio Heart
Study showed a 15% incidence of MetS in men and a 17% in
women after 8 years of follow-up (14). Although this large
cohort also included many Hispanic participants, the thresh-
old values used to define the MetS criteria were higher than
those indicated by ATP III for lipids (triglycerides >200 mg/
dL, HDL-cholesterol <35 mg/dL in men and <45 mg/dL in
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Figures 5. Waist. Mixed-effects predicted lines representing the average changes over time in metabolic syndrome (MetS) components in men (A) and women
(C), for three starting ages (45, 55, and 65 years) for the Met0, Met12, and MetMS groups (top panels). The predicted average percentage changes for these compo-
nents, for the same three starting ages, and for a follow-up time of 10 years are shown in the bottom panels ([B] for men and for women, respectively). Average
predicted changes are expressed as percentages to account for baseline differences in the MetS components among the three study groups.

women), glucose (diabetic patients), and BP (BP >140/90
mmHg for systolic and diastolic, respectively).

The novel effort of the present study was predicting de-
velopment of MetS in a community-living population. We
found that baseline levels of waist circumference, HDL-
cholesterol, and triglycerides were able to predict the
development of MetS over time with considerable discrim-
inatory power (c statistics = .84 for men and .88 for women)
and that the addition of rate of changes of individual com-
ponents of MetS only slightly improved the accuracy of
the model. Interestingly, participants who subsequently de-
veloped MetS had greater abdominal obesity, higher trig-
lycerides, and lower HDL-cholesterol than those who did
not develop the MetS in both men and women. The IRAS
Study investigators found that waist circumference, lower
HDL, and proinsulin were associated with a significantly
higher risk of MetS, even after controlling for glucose
tolerance (12). Additionally, consistent with our findings,
they identified waist circumference as the optimal predic-
tor of MetS, with the most discriminating cut point at 102
cm in men and 88 cm in women (12). Other longitudinal
studies documented the pivotal role of obesity in the patho-
genesis of MetS in different populations, although the
definition of MetS adopted varied from study to study
(14-17).

That waist circumference is a strong predictor of the inci-
dence of MetS in both men and women but that an altered
waist component was not the most commonly altered com-

ponent in participants who developed the MetS suggests that
when conditions characterized by malnourishment and ca-
chexia are excluded, the MetS burden of visceral adiposity
is not only above a certain waist size threshold value is also
a continuous function of waist circumference.

A second relevant finding of the present study was that
the most frequently altered component, for example, ele-
vated BP, was not a significant predictor of the risk for
developing MetS, although MetMS participants showed a
higher rate of increase in SBP or DBP over time as com-
pared with participants not developing MetS, and this was
observed in all three age groups. In fact, this sort of “dis-
sociation” may affect the decision-making process in a
clinical setting tailored for preventing MetS and CV
events.

The lack of correlation between incident MetS and ele-
vated BP at baseline in our study cohort is not completely
surprising. Hypertension is the most controversial compo-
nent of MetS (18). The high prevalence of elevated BP in
the general population likely explains the frequent occur-
rence of elevated BP as an “isolated” component of MetS.
Of note, many studies suggest that abdominal adiposity is a
stronger predictor of high BP than total obesity (19-24) and
that the relationship between adiposity and higher BP is lin-
ear and is evident even in the nonobese range (25). Thus,
even small increases in waist circumference (below the
threshold used in the NCEP criteria) significantly increase
the risk for developing hypertension (20,26,27), which may
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Women: Fitted Longitudinal Followup:
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Figures 6. Fasting Blood Glucose. Mixed-effects predicted lines representing the average changes over time in metabolic syndrome (MetS) components in men
(A) and women (C), for three starting ages (45, 55, and 65 years) for the Met0, Met12, and MetMS groups (top panels). The predicted average percentage changes
for these components, for the same three starting ages, and for a follow-up time of 10 years are shown in the bottom panels ([B] for men and for women, respectively).
Average predicted changes are expressed as percentages to account for baseline differences in the MetS components among the three study groups.

help explain our finding that the prevalence of high BP was
greater than the prevalence of high waist circumference. In
this regard, it is noteworthy that SBP did not change with
age in men who remained free of any of the other four MetS
component risk factors.

A notable, and perhaps unexpected, finding was that a
large number of men and women with baseline alterations
in one or two MetS components did not develop MetS
(40.9% of men and 45.8% of women). This observation is
new and should influence prevention strategies aimed to
reduce the burden of CV disease and diabetes. In fact, our
findings indicate that many participants appearing at higher
risk for developing MetS do not actually develop it. A pos-
sible explanation is that these participants may adjust their
habits toward healthier lifestyles, such as increasing phys-
ical activity or changing diet, or both. The quest for a clin-
ical marker has to deal with accuracy and discriminatory
power of the marker but also with its costs and its practical
adoption in clinical setting. In this context, measurement
of waist circumference has been suggested as a key factor
to monitor the progression toward MetS and may help to
identify specific subjects who could be targeted for inten-
sive CV prevention (28). In fact, our study showed that
every 5-cm increase in waist circumference is associated
with a 70% higher risk for developing MetS over time.
Nonetheless, although waist measurement is easy and not

time consuming, waist is not routinely measured in clini-
cal practice (29).

The present study has some limitations. The first is that the
sample studied was predominantly Caucasian so that no con-
clusion can be inferred for the general population. An addi-
tional limitation of the present study is that we cannot ascertain
whether participants developing MetS during the follow-up
were already in a trajectory of change different from those
who did not develop MetS. However, we investigated both
baseline levels and rates of change in MetS components and
this allowed to account both for the individual’s distance on
his or her “hypothetical” trajectory and for the slope and the
rapidity of the change in the trajectory. Certainly, we assumed
linearity of change in MetS components over time, and this
itself may represent a limitation. An additional limitation is
represented by the lack of information on the effects of medi-
cations (lipids or glucose lowering, antihypertensive) on the
trajectory of metabolic syndrome components.

In conclusion, in the BLSA cohort the incidence of MetS
was 25.5% in men and 14.8% in women after an average
follow-up of 6 years. At baseline, participants who subse-
quently developed MetS had greater abdominal obesity,
higher levels of triglycerides, and lower levels of HDL-
cholesterol than the two other groups in both men and
women. Predictive factors were not necessarily the most
commonly altered components of MetS.
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